a b s t r a c t
Risk avoidance is a hallmark of psychopathological conditions such as anxiety disorders. Yet few studies have examined its neural basis. The present work sought to identify the neural correlates of risk avoidance. While functional MRI scans were acquired, healthy adults (N = 23) played a Wheel of Fortune game during which they chose to bet or pass on each of 104 proposed gamble trials. Participants also completed the Cognitive Appraisal of Risky Events (CARE, Fromme et al., 1997) , a self-report measure of "real world" risky behavior. As expected, decision-making was associated with activation, as measured by increased BOLD responses, of the striatum, insula, anterior cingulate cortex, dorsolateral prefrontal cortex, and parietal lobe. Risk avoidance during probabilistic trials (percent of trials passed) was significantly correlated with precuneus and striatal responses to trials with a certain outcome (No-Risk). Similarly, "real world" risk avoidance, as measured by the CARE, was significantly correlated with precuneus activity during No-Risk trials. Collectively, these data suggest that precuneus and striatal responses to decision-making under certainty represent putative neural markers of risk avoidance in the laboratory and in the "real world." Further, they underline the need to extend neuroimaging research on risk avoidance, and associated anxiety disorders, to posterior cortical regions.
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Making decisions that involve risk is part of everyday life. Some risks are greater than others (i.e., choosing a new job vs. choosing a new shampoo), and individuals vary in their tolerance of risk. Increased risk-taking is characteristic of specific developmental periods (i.e., adolescence) and psychopathological conditions (i.e., pathologic gambling, substance use). As a result, the neural basis of risk-taking has been the focus of numerous investigations. These studies often use "safe" decisions as a control condition rather than as a condition of interest per se. However, extreme avoidance of risk can also be impairing. For example, excessive avoidance of situations perceived as risky is a primary characteristic of anxiety disorders such as agoraphobia and social phobia. Therefore, identification of the neural correlates of risk avoidance can inform pathophysiological models of these disorders and their response to treatments which aim to reduce such avoidance. The present study takes an initial step in this process by using functional MRI to examine brain activity associated with risk avoidance behavior. Converging evidence from animal and human studies implicates a distributed network of brain regions in decision-making under risk or uncertainty (Ernst & Paulus, 2005; Fellows, 2004; Krain, Wilson, Arbuckle, Castellanos, & Milham, 2006) . The assessment of risk during the initial phase of decision-making involves regions implicated in reward processing, probability estimation, and action selection. For example, the orbitofrontal cortex (Elliott, Dolan, & Frith, 2000; Rogers et al., 1999) and striatum (Delgado, Nystrom, Fissell, Noll, & Fiez, 2000; Delgado, Locke, Stenger, & Fiez, 2003; Rogers et al., 2004) have been shown to track reward and loss magnitude. The anterior cingulate cortex (ACC) has been implicated in conflict detection and action selection (Hampton & O'Doherty, 2007; Milham & Banich, 2005) , while parietal cortex is involved in representation of possible responses (Bunge, Hazeltine, Scanlon, Rosen, & Gabrieli, 2002) . Studies of risk-taking demonstrate involvement of many of these regions in the process of selecting a risky choice. For example, increased activity in ventral striatum (Kuhnen & Knutson, 2005) and ACC has been associated with an increased probability of making a risky choice (Christopoulos, Tobler, Bossaerts, Dolan, & Schultz, 2009 ). The insula has been implicated in the signaling of aversive outcomes (Clark et al., 2008; O'Doherty, Critchley, Deichmann, & Dolan, 2003; Simmons, Matthews, Stein, & Paulus, 2004) and, as such, shows increased activity during selection of risky choices over safe ones (Paulus, Rogalsky, Simmons, Feinstein, & Stein, 2003) . Although
